Hokkaido,
Japan. In these explosions, the fixed-array moving shot point technique was applied and the records were obtained from observing stations on land with magnetic-tape-recording systems.
Most of the records from the shots off Cape Erimo were not used for the derivation of the crustal structure.
The quality of records from the shots off the Shakotan Peninsula was excellent at the stations northwest of the Ishikari-Yufutsu plain, but it was fairly poor at the other stations. The time-term method was applied only to data of the highest possible quality, so that the crustal structure was obtained only in the northwestern half of the profile. Under the explosion site in the Sea of Japan, the crust, consisting of granitic and basaltic layers with nearly the same thickness, is about 17km thick at a point about 50km distant from the shoreline. The crustal thickness increases abruptly toward land and reaches about 30km at a point 40km distant from the shoreline, where the basaltic layer is about twice the thickness of the granitic layer.
The velocities obtained in each layer in the crust and in the upper mantle are fairly low, but the gravity anomalies calculated by assuming the densities expected from these velocities agree well with the observed gravity anomalies.
. Introduction
Cooperative geophysical and geological studies between the USSR and Japan on the transitional zone from the Asian continent to the Pacific Ocean through the Japanese islands were proposed in 1966 by Professor V. V. Beloussov, President of the Soviet Geophysical Committee, Academy of Sciences of the USSR. Based on this proposal, an experiment to provide a cross-section of crustal structure along a profile in Hokkaido was designed by the Research Group for Explosion Seismology (RGES) under a part of the Upper Mantle Project as a cooperative work of the USSR and Japan in the summers of 1968 and 1969. Although a serious effort was made to choose a profile favorable to study the transition zone in Hokkaido, the determination of the profile depended strongly on the accommodation of observations, the inshore fishery problem and the submarine topography. The profile chosen for this experiment runs from the coast of Cape Erimo to the coast of the Shakotan Peninsula. The crustal structure in the profile was inferred to have complex features. This is because the southern region in Hokkaido containing the experimental site is a region having several known complex geophysical characteristics: In the northwestern half of the profile, many volcanoes and hot springs with Tertiary and Quaternary igneous rocks are widely distributed (UYEDA, 1972) , while the southeastern half of the profile touches on the southwestern side of the Hidaka metamorphic belt (HUNAHASHI, 1957) and is characterized by high seismicity (UTSU, 1968) , a large negative gravity anomaly (GEOGRAPHICAL SURVEY INSTITUTE, 1970 and OOKAME, 1972) , and thick, extensively developed sediments (HUNAHASHI, 1957) . This may suggest that the determination of crustal structure in this region is very difficult, but it is interesting at this point to study the crustal structure in such a region. It is of great interest also to determine a structure in Hokkaido which may connect with the structure of that in the Sea of Japan, which extends over 100km from the northwestern end of the profile where crustal structures were obtained by 3BEPEB (1970) .
This explosion seismic study of crustal structure is the first attempted in Hokkaido. Although more detailed studies on explosion seismic observations will be required on Hokkaido, the crustal structure along this profile will be worth noting as a study of the transition from the continental to the oceanic zone and should enable us to understand the entire crustal structure of the Japanese islands.
Explosions and Observations
The profile contains approximately equally-spaced observing stations from Cape Erimo to the Shakotan Peninsula, with a closely spaced line of explosion sites on the extensions at both ends of the station line (Fig. 1) . The total length of the profile amounts to about 460km: 100km in the Sea of Japan, Table 3 . Charge amount, shot time, location of shot point, shot depth and water depth for Erimo explosion 260km on land and 100km in the Pacific. The principal technique in these experiments was that of the fixed-array moving-shot point as used in the previous experiments for the profile between Kesennuma and Oga in the northeastern part of Honshu (THE RESEARCH GROUP FOR EXPLOSION SEISMOLOGY, 1968 and HASHIZUME et al., 1968) and for the profile between Atsumi and Noto in Central Japan (AOKI et al., 1972) . The temporary stations, operated by participants of RGES, were disposed as shown in Fig. 1 for the shots off Cape Erimo and off the Shakotan Peninsula. At each of these stations a few vertical seismometers with a natural frequency of 1Hz and/or 4.5Hz and a magnetic-tape-recording system were used. Including a station with a hydrophone, the individual temporary stations and the seismological observatory totaled 22 stations for shots off Cape Erimo and 25 stations for shots off the Shakotan Peninsula. In the latter case, two ocean bottom seismograph stations were also included. Stations for shots off the Shakotan Peninsula were disposed at the same locations as those for shots off Cape Erimo, with a few stations shifted, removed or added.
Explosions in the sea off Cape Erimo were carried out on July 30 and 31 in 1968. The shot points are shown by crosses in Fig. 1 . Explosions in the Table 4 . Charge amount, shot time, location of shot point, shot depth and water depth for Shakotan explosion sea off the Shakotan Peninsula and at the Teine quarry were carried out on July 15 and 16 in 1969. The shot points are also shown by crosses in Fig. 1 . The location of shot points in the sea was determined with the maximum error of 0.23km by a Decca system. The identification of the stations, their locations, observers and contributors are given in Table 1 for shots off Cape Erimo and in Table 2 for shots off the Shakotan Peninsula.
The shot times, positions and the charge amounts are given in Table 3 for shots off Cape Erimo and in Table 4 for shots off the Shakotan Peninsula and at the Teine quarry, respectively. 
Results of Observation
The records obtained at all the stations for shots off Cape Erimo showed poor signals so that they were not available to determine the crustal structure. For shots off the Shakotan Peninsula, favorable records were obtained at stations northwest of the Sapporo-Tomakomai lowland bordering the west side of the Ishikari-Yufutsu plain (KATSUI, 1959) , while a few records obtained at stations southeast of the Ishikari-Yufutsu plain were available for travel time analysis. Figure 2 shows examples of seismograms giving good first arrival signals at stations from Sakazuki (SKZ) to Banjiri (BNJ) and poor ones at stations beyond 150km from the near shot off the Shakotan Peninsula. The seismograms at stations Tatsugorosawa (TGS) and Yamato (YMT) were played back from tape on to a recorder with a paper speed lower than that in the other stations, and hence only the time of onset of first arrival in the seismogram is to be compared with the others.
Records at stations farther than 70km from shot point S8 are shown in In the Erimo explosion experiment, signals with small amplitude were also observed with a few exceptions along the entire profile, and few correlatable phases were obtained. This supports the suggestion that the strong absorption is due to the material in the crust or the upper mantle under the profile, and especially due to the material under the northwestern half of the profile. This might also suggest that the shallow structure under the sea bottom, for example, a structure with soft and thick sediments, affects the transmission of wave energy.
As is evident from these facts, we have obtained no reversed travel time curves for any phases in the profile, so that this study must rely only on the data which were obtained at stations northwest of the Sapporo-Tomakomai lowland for shots off the Shakotan Peninsula.
Travel Time Analysis
For all the shots off the Shakotan Peninsula, first arrivals were obtained at most stations in the profile. Figure 4 shows their reduced travel time plots for each shot and for each station in which travel times at stations farther than BNJ were omitted, because of paucity and dispersion of data at these stations. Symbols used in this figure are associated with accuracy of travel time. The accuracy of travel time was classified for reference in the analysis into the following four grades, taking ambiguity in reading of arrival time account: equal to 0.03 sec; or equal to 0.1 sec; and than 0.1 sec. Travel time plots for each shot make it apparent that the arrivals for stations Teine (TNE), Nakayamatoge (NYT), Marukoma (MKM), and Banjiri (BNJ) are late, relative to the arrivals at other stations. These departures may result from thick sediments which are characterized by Shikotsu pumice fall deposits for stations such as MKM and BNJ (KATSUI, 1959) . A general inspection of the travel time plots indicates that the travel time plots for each shot as well as for each station can be roughly divided into three branches. On the assumption that most of the first arrivals can be explained as refracted phases from one of three interfaces, the apparent velocities were obtained to be 5.8 to 6.1km/sec and 6.5km/sec from the travel time plots for each shot at distances shorter than 100km, while they were obtained to be 5.8 to 6.1km/sec and 6.8km/sec from the travel time plots for each station. Arrivals that fit on the travel time branches with gross apparent velocities between 5.8 and 6.1km/sec are called P1 arrivals; those on branches with a velocity of 6.5km/sec for each shot and with that of 6.8 km/sec for each station are referred to as P2 events.
Beyond a distance of about 100km from a shot point, a straight line fit to the first arrivals for each shot indicates an apparent velocity of 7.1km/sec, while that for each station indicates an apparent velocity of 8.4km/sec. It is natural to regard the first arrivals at these distances as Pn phases and hence these apparent velocities are referred to as the Pn velocity associated with refracted waves that travel beneath the Moho interface, although the velocity estimated from two of these apparent velocities might be lower than those in the upper mantle. Assuming that the crust is composed of layers with a uniform velocity and that the velocity in each layer increases with depth leads to the natural supposition that these refraction data can be explained by a threelayer crust lying on the mantle.
As is obvious from the seismograms shown in Fig. 2 and Fig. 3 , first arrivals available for the determination of structure are recorded only at stations on the west of the Sapporo-Tomakomai lowland, and observations for all phases except P1 phases are available for only one direction.
A method to handle such a large amount of data was originally suggested by SCHEIDEGGER and WILLMORE (1957) . This method, the "time-term method", was applied to the present data. In solving the time-term equation, an iterative method (MEREU, 1966) was used. In order that the time-term method can be applied to the data concerned, the following assumptions were made: 1) the velocity varies only with depth (perpendicular to the refractor), 2) the velocity of the base refractor is constant, and 3) the slope and the curvature of the refracting surface is small. In the application of the time-term method, a careful study of travel time graphs both for each shot and for each station was necessary to classify each phase. In this process, only poor data with a grade "D" were removed. "U" , "C", and "M" in the diagram represent phases referred to as P1 for the granitic layer, P2 for the basaltic layer and Pn for the upper mantle, respectively. "U/C" and "C/M" are phases unidentified as to whether the first arrivals are "U" or "C", and whether the first arrivals are "C" or "M", respectively. These phases were excluded in the following analysis. As is well known in this diagram, the time-terms and refractor velocity for P1 can be favorably determined, but reasonable solutions for the time-term equations for the phases of P2 and Pn are unwarranted because, thus far, only single-ended information is available. Since there is an apparent lack of true velocity of each refractor in the travel time plots for the phases of P2 and Pn, some other geophysical information must be required with the following analysis so as to give a reasonable velocity for each refractor.
Surface layers
In the refraction method, an analysis to obtain a structure must be carried out in successive order from the surface down to deeper layers. Accordingly, the determination of the structure of the surface layer which might be the sedimentary layer was first attempted.
The data at station TNE were available for the determination of the additive constant which is introduced in eliminating the singularity of the observational system (SCHEIDEGGER and WILLMORE, 1957) . At this station, observations were carried out for shots in the sea as well as for the shot in the Teine quarry. In addition to this quarry blast in the present experiment, three blasts in the quarry on Dec. 12, 1968 , May 3, 1969 , and July 22, 1969 were observed at six temporary stations near the present shot point. The direction of this profile is different from that for shots off the Shakotan Peninsula. Locations of shot points and stations at that time are shown in Fig. 6 . Travel time plots Fig. 6 . Map of the area of the Teine quarry in which black circles show locations of quarry blasts and triangles are observing stations for three blasts on Dec. 12, 1968 , May 3, 1969 , and July 22, 1969 . The seismometers recording seismic waves from shots off the Shakotan Peninsula were installed at the site of the blast on July 22, 1969. combining the data which were obtained at eight stations aligned along an approximately linear profile from the Teine quarry to station BNJ were constructed by regarding these shots as being fired at the same location. The reduced travel times of these data were plotted against distances between the shot point and the station in Fig. 7 . As for these travel time plots, it is necessary to identify what refractor is associated with these travel times. Travel times at the seven stations from T2 to T8 give an apparent velocity of 5.0km/sec with an intercept time of 0.25 sec, which is probably due to a superficial layer near the Teine quarry. A parallel two-layered structure when the superficial layer is removed, which is assigned a velocity of 5.5km/sec for the upper layer and a velocity of 6.0km/sec for the lower layer, gives a crossover distance of about 30km, when half the reduced travel time of 0.84 sec at TNE from S1 in the approximate calculation is used. In Fig. 7 , the first arrivals at stations from NYT to KYN beyond 30km from the shot point TNE were then supposed to be phases traveling through a refractor under the sedimentary layer.
The time-terms for the first refractor (P1 time-terms) and the velocity of the critical refractor were determined by 22 first arrival times. The velocity of the critical refractor was obtained to be 5.9km/sec with a minimum standard deviation of solution. To convert the P1 time-terms into a structural picture, we need a mean velocity of the surface layer. A direct wave through the surface layer, however, was not observed as first arrivals on this profile. A velocity of the surface layer was then assumed to be common in the southeastern part of the profile from Yamato (YMT), and was taken as 4.0km/sec, based on the velocity observed in the previous work for the surface layer on the Teine quarry. On the other hand, a velocity of the surface layer in the northwestern part from YMT on the profile was assigned to be 2.0km/sec by referring to the velocity for sediments on the profile in the northeastern part of Honshu (HASHIZUME, et al., 1968) and that for marine sediments on the sea end in the profile across Central Japan (AOKI, et al., 1972) . Using these velocities and the least-squares velocity of 5.9km/sec for the first refractor, the thickness of the surface layer beneath the stations and the shot points was computed from the time-term. A structural picture for the sediments shows that the sediments thicken on both sides of station YMT, reaching 0.9km at station SKZ and NYT, but the sediments at station YMT are quite thin or disappear.
The sediments below the coastline gently decrease in thickness toward the sea and become thin enough at shot point S7 to be safely ignored in computing depth estimates for lower layers. The thickness of sediments at S6 was estimated from a mean travel time delay relative to a travel time line fit to the arrivals concerned at favorable stations. 4.2 Granitic layer I n order to determine the structure of the granitic layer, we need a velocity for the second refractor, besides the velocity in the granitic layer and time-terms associated with the velocities. However, the data set for P2 phases cannot be satisfactorily applied to the method as mentioned previously, and hence the following assumptions were made: 1) an additive constant in the time-terms is selected so as to give greatest continuity between all shot and station interfaces, and 2) the velocity of the second refractor is constant within the layer concerned.
A least squares velocity of the second refractor was obtained to be 6.2km/ sec using 33 first arrival times for the P2 phases. Whatever additive constant we choose in employing this velocity, the time-terms obtained for the velocity yield a negative layer thickness near S6. This may result from lateral changes in the velocity in the second refractor or from a fact that the velocity of the second layer is underestimated.
When we solve a time-term equation based on such data under the assumption that the velocity of the base refractor is constant, the velocity of the second refractor that may be admissible for the velocity of the basaltic layer at any standard deviation of solution should be given previously. Thus a velocity of 6.6km/sec estimated from two apparent velocities of 6.5km/sec on the station side and 6.8km/sec on the shot side was assigned as a velocity of the second refractor, which appears to be reasonable for the velocity of the basaltic layer.
The time-term equation was solved by using this velocity so that the time-terms for the P2 phases at the shot points and stations were obtained. The additional constant for normalizing the solutions obtained was chosen so that the constant gives the same thickness for the granitic layer beneath station SKZ and shot point S1, although this is admittedly a subjective procedure. Circles in Fig. 10 show the time-terms thus obtained.
For the velocity and the time-terms giving a reasonable structure of the granitic layer, travel time residuals between observation and calculation were plotted against distances, as shown in the middle of Fig. 11 . Most of the residuals were well distributed in the range between -0.2 sec and 0.2 sec. The residuals beyond this range may be due to lateral changes in the velocity of the refractor and/or due to the presence of large dips of interface for which the time-term method is invalid.
The data with residuals greater than 0.1 sec were reexamined in the structural picture by a graphical method so that the final structure was elaborated until the residuals became less than 0.1 sec. This is because the residuals greater than 0.1 sec might be too large for the accuracy of the travel times used in this analysis. The preferred depth solutions thus obtained are shown in Fig. 12 , in which chain lines which are extensions on both sides of the second interface were drawn by taking gravity anomalies into account; this will be described later.
The thickness of the granitic layer is about 4km between shot point S1 and station SKZ, and it increases both seaward and landward, reaching about 7km at shot point S5 and about 14km between NYT and BNJ. The surface of the second layer, being concave between S1 and S6, seems to dip up seaward from S5, the angle of its slope, however, was not estimated since its seaward extension could not be determined accurately. On the other hand, the surface of the second refractor in the profile on land dips abruptly downward beneath BNJ from WKK. This conclusion of the presence of a steep slope is rather tentative since this slope is derived only from the travel times of P2 phases at BNJ. This model, however, can explain the observed gravity anomaly data.
Determination of the Moho interface
The data set to determine the Moho interface by the time-term method is made up of 32 first arrival times. The data set, however, cannot be satisfactorily applied to the method because of the resulting imbalance in the travel time plots concerned. Thus we need an assumption in order to derive the crustal structure from this data set. In the present analysis, we made the assumption that the total crustal thickness does not increase seaward. In order to determine the velocity in the upper mantle and to select the additive constant in time-term solution, an effort was made to obtain a model which explains the time-terms for the Moho interface, variations of observed gravity, and at least some of the resultant gravity anomalies. In this model, a correlation between the gravity anomalies and time-terms for the crust should become negative.
The process to determine the velocity and the additive constant consists of two steps: computing correlation coefficients with constrained thicknesses of the crust at a point, and computing correlation coefficients with the more likely Pn velocity. In these steps, the condition that the model derived must give a strong negative correlation between gravity anomalies and time-terms was taken into account.
A map of the gravity anomalies in Hokkaido and surrounding area is shown in Fig. 8 , which gives the Bouguer anomaly in Hokkaido (GEOGRAPHI-CAL SURVEY INSTITUTE, 1970; OOKAME, 1972) and the free-air anomaly in the oceanic area (TOMODA et al., 1970) . The profile in the present experiment is roughly shown by a thick line. Averaging the gravity anomalies on the map within the zone with a width of 40km including the profile line, we made up a gravity anomaly section which is shown by a solid line with the . Correlation coefficients between time-terms and gravity anomalies for more likely Pn velocities, when the crustal thickness at S8 is tentatively assigned a value. Number attached to each curve represents a constrained crustal thickness at S8. maximum and minimum values in the zone in the upper part of Fig. 12 .
Using these average values in the gravity anomaly section, the correlation coefficients in the more likely Pn velocity range were computed as shown in Fig. 9 for the constrained total crustal thicknesses from 15 to 18km at S8. The upper limit of its Pn, velocity range, however, must be taken as 7.8km/ sec, according to the above assumption. As shown in the figure, the correlation functions for thicknesses of 15, 16 and 17km have a peak between the velocities of 7.4km/sec and 7.6km/sec. The highest correlation coefficient in the limited velocity range can be expected near a velocity of 7.5km/sec, whatever the total crustal thickness at S8 we may assign. A velocity of 7.5 km/sec was then taken as a velocity in the upper mantle.
According to the second step in the process, we computed the correlation coefficient with respect to the total crustal thickness tentatively assigned at S8 for the velocity obtained for the upper mantle. As a result of this correlation analysis, the crustal thickness at S8 was obtained to be 16.7km. Thus, the additive constant that appeared to give the best least squares regression of gravity anomalies for the time-terms at S8 was determined. The time-terms for Pn phases at stations normalized with such an additional constant can be converted to total crustal thickness. Triangles in Fig. 10 show the time-terms thus obtained. Travel time residuals in Moho solution for the best-fitting velocity are plotted against distances in the lowest part of Fig. 11 . As is evident in this figure, most residuals were well distributed in the range between -0.2 sec and 0.2 sec. Large residuals beyond this range might be caused by a steep slope of the interface or local velocity anomalies, or both. It seems highly probable that the structural change under the stations with these large residuals is so abrupt that the application of the time-term method is inappropriate. Fig. 12. Lower: Crustal structure in the northwestern half of profile. Upper: Gravity anomalies in which the solid line represents observed Bouguer anomalies on land and observed free-air anomalies on the sea averaging gravity anomalies in the zone with a width of 20km on both sides of the profile. Dotted lines represent the maximum and minimum gravity anomalies in its zone. Solid circles are gravity anomalies calculated from the structure with uniform density in the upper mantle. Open circles are gravity anomalies calculated from the structure with a higher density in the upper mantle on both sides of the profile.
In the present analysis, the process of finding a reasonable crustal structure consists of three steps: first, converting the Pn time-terms to a provisional model of crustal structure; second, comparing observed travel times with calculated ones from this model, and third, modifying the model so that the model will have residuals within -0.1 sec and 0.1 sec in travel times.
The crustal structure thus obtained is shown in the lower part of Fig. 12 . The basaltic layer is quite thick in the transition area from the Sea of Japan to Hokkaido, and it seems to be thin from WKK to BNJ where the granitic layer thickens abruptly toward land. The Moho interface dips downward becomes approximately flat at a depth of 30km under TGS.
Structure off Cape Erimo
Reduced travel times at stations from all eleven shots off Cape Erimo are plotted against distances from each shot point on a common plot as shown in Fig. 13 , in which travel times with grade "D" are omitted. As is evident in this figure, a striking dispersion of travel time plots and paucity of travel time data with high quality have resulted. These are presumably due either to the ground conditions of the observation sites or a complex subsurface structure below the bottom of the sea beneath the shot points. To study these points in more detail, a few additional experiments are required. For this reason, Fig. 13 . Reduced travel time data from all eleven shots on a common plot against distances from each shot point, in which travel times with grade "D" are omitted. the combined analysis of travel time curves for shots off the Shakotan Peninsula and off Cape Erimo was not performed. As seen in the travel time plots, most of the data up to about 80km from the shot point are scattered around a line giving a velocity of 6.0km/sec, and hence a layer with a velocity of 6.0km/sec can be recognized in the profile. Figure 14 shows travel time plots for stations Shoya (SHY), Oizumi (OZM) and Kamikineusu (KMU) with respect to a location of the shot point in which the ordinate corresponds with the shoreline across the profile. Horizontal bars in this figure represent a mean, value of reduced travel times at each shot point. A line fit to the mean reduced travel times at S5 and at points farther than S5 is delayed by 0.84 sec, as compared with the mean reduced travel time at S1. This means that a layer with a velocity of 6.0km/sec may be recognized at the shot site of the profile, and a steep slope of this layer between Si and S5 may be presumed. Otherwise, this means that a layer with a velocity less than 6.0km/sec as well as the 6km/sec-layer may be recognized at the shot site. As is easily seen, the latter is unacceptable to the site concerned. If a straight line is fitted to travel times from Si to S5 or S6, it yields a negative intercept time. Hence the latter is to be rejected, and the former should be reasonably accepted for the interpretation of the travel time plots in Fig. 14 . Here, we estimated roughly a difference in depth of the surface of the 6km/sec-layer due to a travel time difference of 0.84 sec from S1 to S5, assuming a mean velocity in the upper layers which lie above the 6km/ sec-layer. The difference in depth of the surface of the 6km/sec-layer due to such travel time differences was obtained to be 2km for a mean velocity of 2km/sec in the upper layers, while it became about 5km when using a mean velocity of 4km/sec in the upper layers.
From these travel time data, no other detailed deep structures were derived, and also no information on the upper mantle was obtained.
Discussion
The crustal structure derived from the travel time analysis was examined by gravity anomaly data. The question is whether a density model expected from the crustal structure may explain the gravity anomalies along the profile and whether the crustal structure may be modified reasonably with the data of gravity anomalies, In the calculation of gravity anomalies, the following densities were assigned according to the velocity-density relation (LUDWIG et al., 1970) to layers in the crustal model bounded at the top by sea level and at the bottom by a depth of 50km. The surface layer on the sea side from YMT is 1.9g/cc; that on land southeast of YMT, 2.4g/cc; the granitic layer, 2.7 g/cc; the basaltic layer, 2.9g/cc, and the upper mantle, 3.2g/cc.
As shown by solid circles in Fig. 12 , satisfactory agreement between the observed and calculated gravity anomalies was obtained in the middle part of the profile. The calculated gravity anomalies near both ends of the profile, however, were less than the observed ones by 50 mgal at most. This difference may be accounted for by a slightly higher density material in the upper mantle on both ends of the profile, since the change in density in the upper mantle contributes strongly to the resultant anomalies. If the density on both ends of the upper mantle is assigned to be higher by 0.1g/cc as compared with that in the middle part of the upper mantle, and the Moho interface between NYT and BNJ is raised by about 4km, the best fit to the observation is obtained as shown by open circles in Fig. 12 .
For the geometry of the Moho interface southeast of WKK, two possible interpretations can be given to the figure. The shallower Moho interface shown by a dotted line is the preferred interpretation for observed gravity anomalies, while the Moho interface drawn approximately flat, as shown by the chain line is only the presumed extension of the interface obtained by travel time analysis. However, a choice between the model with the homogeneous mantle or the model with the inhomogeneous mantle could not be made with confidence.
The crustal structure obtained in the present analysis will give a good connection with the crustal structure determined by 3BEPEB (1970) in the Sea of Japan extending over 100km from the northeastern end of the profile, although there is a little difference in velocity in each layer between both structures. This is easily seen in the figure for the isoline of the Moho relief shown by 3BEPEB (1970).
Conclusion
The model of the crustal structure on the northwestern half of the profile in the southern part of Hokkaido, Japan, was determined through the analysis of the data on the observations of the explosions off the Shakotan Peninsula and at the Teine quarry. The analysis based mainly on the time-term method shows that the crustal structure exhibits a monotonous feature as a whole, consisting of the regional surface layer, the granitic layer and the basaltic layer; the velocities in the layers are fairly low, and the upper mantle velocity is unusually low. The crustal structure beneath the Sea of Japan shows an intermediate type in layer formation which consists of granitic and basaltic layers, and has a crustal thickness of approximately 17km under the sea at a distance of about 50km from the shoreline across the profile. The crustal structure beneath the profile on land west of the Ishikari-Yufutsu lowland shows a transitional type in layer formation which consists of the granitic layer thickening and the basaltic layer thinning inland.
In the profile off the Oga Peninsula, YOSHII and ASANO (1972) derived the crustal structure with the inhomogeneous crust and mantle from the timeterm method. In the present experimental site, however, the lateral changes in the velocity in both crust and mantle could not be required from the travel time data, although a lateral variation of density in the upper mantle may be required to account for the observed gravity anomalies.
No crustal structure in the southeastern half of the profile was obtained not only from the explosions off the Shakotan Peninsula, but also from the explosions off Cape Erimo.
